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REVIEW OF COMBUSTION RESPONSE MEASUREMENT TECHNIQUES

JPL
b

ROCKET MOTOR STABILITy PREDICTIONI
9 ROCKET CHAMBER PRESSURE DISTURBANCE VARYING

SINUSOIDALLY IN TIME

P’ = kiw eat

● EXPONENTIAL COEFFICIENT a HAS GENERAL FORM

WHERE: RpC =

lp~ + R@) Ivc + an + apD + R@) IN + asT

m~ /fib m~ /iiib
Rvc =

P’/p v’/z

NOZZLE RESPONSE FUNCTION

ACOUSTIC STABILllY  INTEGRALS

FLOW TURNING COEFFICIENT

PARTICLE DAMPING COEFFICIENT ~

STRUCTURAL DAMPING COEFFICIENT

03/30/88 LDS/ 3
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REVIEW OF COMBUSTION RESPONSE MEASUREMENT TECHNIQUES

JPLb
ACOUSTIC ADMllTANCE

ACOUSTIC ADMlllANCE OF PROPELLANT BURNING SURFACE

Apc =
P’/7i5

RESPONSE FUNCTION

Avc =

AND ACOUSTIC ADMITTANCE REIATED

BY BURNING SURFACE MASS BALANCE

At’zzZ 2
LDS/ 4
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MEASUREMENT TECHNIQUE

b

I

INCOMING MICROWAVE r UNBURNED
AT FREQUENCY f~ - PROPELLANT r

REFLECTED MICRO
AT FREQUENCY fz
WITH PHASE ‘jH!FT

WAVEGUiDE
SURFACE
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1

COMB ENWJG T AND r’ RESULTS WTREII
(~, P’~ FROM EQN. (1):

M&WJREf) PRBSLRE  IINFURMATION  -

‘ b

(6)

SEITING $= 360”lA~ WHERE At IS THE PERIOD FOR A 360° SH!l? IN PHASE:

.R ei{6+7d2)I Ib

(7)
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RADIANT HEAT FLUX
—— -.—_

b
!

-.=
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o OBJECTIVE:

o UPPER FREQUENCY LIMIT OF MICROWAVE DOPPLER VELOC I METER TECHNIQUE
FOR MEASURING PRESSURE-COUPLED RESPONSE FUNCTION (Rp) OF SOLID
PROPELLANTS IS-l KHz, LIMITED PRIMARILY BY LIMITING AMPLITUDE
OF DRIVEN PRESSURE OSCILIATIONS IN MICROWAVE BURNER. OBJECTIVE
IS TO DEVELOP REVISED SYSTEM CAPABLE OF MAKING MEASUREMENTS AT
FREQUENCIES UP TO 2 KHz AND MORE

USE MICROWAVE DOPPLER VELOCiMETER TO MEASURE COMBUSTION RESPONSE
TO OSCILLATING THERMAL RADIATION SOURCE (LASER) .RATF!ER THAN PRESSURE.
REiATE MEASURED BURNING RATE RESPONSE TO THERMAL RADIATION (Rq) TO
EQUIVALENT OSCILMTION IN _P~SSURE USING EXISTING THERMAL COMBUSTION
THEORY

‘ p =  ‘q~-L.L.v.4 &-+Pt L;&
L&-% o-~~f L+cr; +3su}<
~ yrqa.exeut ~~?

4%X



z
c1

!I
I I B m

-’L IL

\

-L I -m
M

II

-2!
-s4

r
-!
Q-

-.-
a)

Q --

I
q
3

&o-

y,

I
+

Q3
.-

CD--2

L - _ ’ J
II

l!”
1 ● -



1.0

0.8

0.6
IL
f -

0.4

0.2

0.0

-—-———  ‘-

- . * * . . * * * * /

- \ ,/●  . 0 0 0 0 0
~eme . . . ...9.. ● ****= ”**** rr** ● * * . * . *.*.9.... . . . . . ..ee

\
P,m.

\&’ --  10
““””” 20
—  3 0

i

AYAA 8 7 - 0 5 6 2 %k&jdf=w  -  “Id

‘“w
7$~ mo= .

JPL CALCULATED TRANSFER
t FUNCTION VS FREQUENCY FOR
I TYPICAL AP COMPOSITE PROPELLANT

o 50 100 150

f, Hz
200 250 300



,, 1,

,

(n
m
*
Aa
z

a

Ill

a
u
1-

J
Qm
1

II

IL
1-

a

-1

c
II



JPlm

BAA %96G7

PROPELLANT
STRAND

7

& I I
1 I

,

. .



JPL SCHEMATIC OF MICROWAVE SYSTEM
b

SOURCE MOD[,

TEST
p -WAVE
SOURCE

IxF

REFERENCE
/u-WAVE
SOURCE

m

500 KHz

.E

‘16GHZ

REF SIGNAL I

16 G!-fz + 500 KHz

MODULE NO. 2

DIRECTIONAL
COUPLER

--t

MIXER

VARIABLE
ATTENUATOR

POWER
DIVIDER

-d

VARIABLE
ATTENUATOR

MIXER
~ WAVEGUIDE

d ISOLATOR

CIRCULATOR
COAX TO VARIABLE ISOLATOR
WAVEGU IDE ATTENUATOR

1

TUNER
500 ‘Hz + ‘DOPPLER
TEST SIGNAL T~CT

TO PHASEMETER u lL.  dl

BURNER
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MICROWAVE WINDOW BURNER ASSEMBLY

/---Dielectric ~ PROPELLANT

\ BASE PLATE

WINDOW

/q 5?
-  6.9

- WINDOW
RETAINER

\

‘BURNER

PRESSURIZATION
INLET

-PRESSURIZATION
!

OUTLET ~
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b

I

LASER MEAN HEAT
FLUX VS FREQUENCY,

A-13 TESTS
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JPL OSCILLATORY PHASiE SHIFT VS TIME
b TEST 215-1 A-W PROPELLANT
I f ❑ 50 Hz, P = 300 Psia
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RATE OF CHANGE
PHASE SHIFT

CONTINUOUS WAVE
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ABSOLUTE VALUE OF
OSCILLATORY RESPONSE

vs FREQUENCY,
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ABSOLUTE VALUE OF
OSCILLATORY RESPONSE

vs FREQUENCY.
A-13, MOD. I PROPE-iLANT
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CONCLUSIONS

● MEASURED RESPONSE FUNCTION RESULTS FOR A-13 PROPELLANT
FORMULATION (MAGNITUDE AND FREQUENCY RANGE OF MAXIMUM RESPONSE)
COMPARABLE WITH EXISTING Rp(r)  RESULTS OBTAINED BY A NUMBER OF
DIFFERENT TECHNIQUES

● ADDnlON  OF QUARTER  PERCENT CARBON HAD NO APPRECIABLE EFFECT ON
MEASURED COMBUSTION RESPONSE CHARACTERISTICS - SUPPORTS
CONCLUSION THAT IN-DEPTH TRANSMISSION OF RADIANT HEAT FLUX NOT A
SIGNIFICANT FACTOR AT CO~LASER WAVELENGTH

● TESTS NEED TO BE PERFORMED ON HOMOGENEOUS PROPELLANTS TO
DETERMINE VALIDITY OF POSTULATED REASON FOR LARGE TIME-VARIATION IN

, RESPONSE FUNCTION ARGUMENT DATA

● TECHNIQUE SHOWS PROMISE AS A TOOL FOR CHARACTERIZING PROPELLANT !

COMBUSTION STABILITY 9
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●

EROSIVE BURhiWi

THE AUGMENTATION IN BURNING RATE OF S04J0
PROPELLANTS PRODUCED UNDER CONDITtONS OF HIGH-
SPEED FLOW PARALLEL TO PROPELLANT BURNING
SURFACE.

PREDICTED TO BE ENHANCED BY FACTORS THAT INCREASE
LEVEL OF TURBULENCE CLOSE TO PROPELLANT BURNING
SURFACE.

● HIGH CROSS-FLOW VELOCITY.

● LOW SURFACE BLOWING RATE (LOW PROPELLANT
BURNING RATE, HIGH CHAMBER PRESSURE).

● PROPELLANT SURFACE ROUGHNESS.

02/13/90 LDS:VGOIO / 2
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JPL” “ EROSIVE BURNING RESEARCH

JpuRpOsE
I I

c TO MEASURE EFFECTS OF PARAMETERS THAT ARE CONSIDERED TO MOST STRONGLY “
INFLUENCE SCALING TO LARGER ROCKET MOTOR S1 ZES OF TRANSITION OR THRESHOLD
CONDITIONS FOR EROSIVE BURNING RATE AUGMENTATION

c DEVELOP A SCALING CRITERION FOR THRESHOLD CONDITIONS FOR EROSIVE BURNING

‘APPROACH

● CARRY OUT SERIES OF IARGE-SCALE MOTOR FIRINGS SYSTEMATICALLY VARYING (1)
MOTOR CROSS-FLOW VELOC llY OR MACH No., (2) CHAMBER PRESSURE, (3)-PROPELLANT
NON-EROSIVE BURN ING RATE, (4) -PROPELLANT SURFACE ROUGHNESS, AND-(5)
MOTOR PORT DIAMETER, AND MEASURING MOTOR TRANSITION LENGTH TO EROSIVE
BURN ~ NG RATE AUGMENTATION

● INCORPORATE EROSIVE BURNING DEPENDENCIES ON TEST PARAMDERS INTO
SCALING CRITERION
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GAGE
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Figure 1. Plasma Capacitance Gage-Principle of Operation
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RADIUS-BASED CROSSFLOW REYNOLDS NO.
VERSUS LENGTH-BASED REDUCED SURFACE —
TRANSPIRATION REYNOLDS NO. FOR EROSIVE

106

105

BURNING TRANSITION

~~- 1 1 I I I

TEST NO.
0 3
0 4 E3URNING RATE

D6 AUGMENTATION
\

6
A7
- 9 8
V 9

— + 10

NO BURNING RAT
AUGMENTATION

All 4
● 1 2 3~
a 1 3
v 15

2
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BURN NG RATE AUGMENTATION VS RE NO. –RE NO.,th

PBAN PROPELLANT FORMULATIONS

● ● ● ● ● SEGMENTED BATES MOTOR TESTS
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BURNING. RATE AUGMENTATION VS
~v

(RE NO.(WCO.8)-RE N0.,th(**0.8))/R( **2.4)

PBAN PROPELLANT FORMULATIONS
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SLAB MOTOR MEASUREMENTS
I-k+w- w-+

CORE GAS TEMPEIWI’URE MIKRON SERIES M77S 2-COLOR

INFRARED THERMOMETER
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